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Abstract

Introduction: Several studies have reported on the maternal age-associated risks of
congenital anomalies. However, there is a paucity of studies with comprehensive re-
view of anomalies. We aimed to quantify the risk of birth defects in children born to
middle-aged mothers compared with that in children born to young or older mothers.
Material and methods: We classified maternal ages into three groups: young
(<20 years old), middle (20-34 years old) and older age (>35 years old). Observational
studies that met our age criteria were eligible for inclusion. The articles searched using
the Embase and MEDLINE databases were those published from 1989 to January 21,
2021. The Newcastle-Ottawa scale was used to assess the risk of bias. If heterogene-
ity exceeded 50%, the random effect method was used; otherwise, the fixed-effect
method was used. Prospero registration number: CRD42021235229.

Results: We included 15 cohort, 14 case-control and 36 cross-sectional studies. The
pooled unadjusted odds ratio (5% Cl) of any congenital anomaly was 1.64 (1.40-1.92)
and 1.05 (0.95-1.15) in the older and young age groups, respectively (very low quality
of evidence). The pooled unadjusted odds ratio of chromosomal anomaly was 5.64
(5.13-6.20) and 0.69 (0.54-0.88) in the older and young age groups, respectively.
The pooled unadjusted odds ratio of non-chromosomal anomaly was 1.09 (1.01-1.17)
and 1.10 (1.01-1.21) in the older and young age groups, respectively (very low quality
of evidence). The incidence of abdominal wall defects was increased in children of
women in the young maternal age group.

Conclusions: We identified that very low quality evidence suggests that women in
the older maternal age group had increased odds of having children with congenital
anomalies compared with those in the 20-34 year age group. There was no increase
in odds of children with congenital anomalies in women of <20 year age group except
for abdominal defects compared with those in the 20-34 year age group. The results

stem from very low quality evidence with no adjustment of confounders.
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1 | INTRODUCTION

Congenital anomalies refer to structural or functional birth defects.!
As the average age of pregnancy in current times is older than that
in the past, birth defects are emerging as an important topic in
clinical care and public health. In some cases, congenital anomalies
occur due to known causes such as single gene mutation, chromo-
somal abnormalities and environmental factors; however, there are
many anomalies with unknown causes.? It has been reported that
approximately one in 33 newborns has congenital anomaly.® The
prevalence of major birth defects does not have significant racial
differences. However, there may be differences in the prevalence
of some birth defects (eg neural tube defects depending on folic
acid supplementation) owing to differences in cultural and social
environments.* The socioeconomic burden of birth defects is also
increasing, with an estimated annual hospital expenditure of $2.6
billion in the USA.

In the USA, from 2010 to 2019, the mean age of motherhood rose
from 27.7 to 29.1 years as the proportion of mothers aged 235 years
increased.® Similarly, in Europe, the mean age of motherhood showed
an upward trend from 28.8 years in 2013 to 29.4 years in 2019.7 The
proportion of childbearing women aged 235 years increased from
15.4% in 2009 to 33.4% in 2019 in Korea (2019).8 Down syndrome,
one of the most common chromosomal abnormalities, occurs in one
of 400 and one of 12 pregnancies in 35- and 45-year-old women,
respectively.”

Lean et al. recently published a study on the relation between
maternal age and adverse pregnancy outcomes.’® However, to our
knowledge, systematic reviews and meta-analyses of the associa-
tion between maternal age and congenital anomalies have not been
published. This study aimed to evaluate quantitatively the risk of
having children with congenital anomalies in young or older moth-
ers compared with that risk in the reference group (mothers aged
20-34 years).

2 | MATERIAL AND METHODS

21 | Eligibility criteria

We analyzed studies which reported both major (eg neutral tube de-
fect) and minor (eg hydrocele) congenital anomalies. Maternal age
was classified into three groups: young mothers (<20 years old), ref-
erence group (20-34 years old) and older mothers (=35 years old).
Cohort, case-control and cross-sectional studies were eligible for

inclusion.

Key message

The odds increased in the older maternal group, but not
in the young maternal group except for an abdominal wall
defect. Because our results are very low quality evidence
with no adjustment of confounders based on observational
studies, caution is required in interpreting the results.

2.2 | Information sources and search strategy

This systematic review was conducted in accordance with PRISMA guide-
lines.!* The protocol of this study was registered at PROSPERO (registra-
tion number: CRD42021235229). We searched for articles published
from 1989 to January 21, 2021, using Embase and MEDLINE databases.
The search terms were as follows: (maternal age, reproductive age, late
pregnancy, older mother, maternal risk, maternal factor, maternal vari-
able) AND (congenital anomal* OR deformit* OR birth defect$ OR fetal
malformation$ OR fetal anomal*) AND (risk OR ratio OR prevalence OR
incidence OR morbidity OR odds OR hazard OR outcome). The search
was limited to titles and abstracts. Only articles published in English were
included but we did not restrict the publication year. We included pub-
lished articles or articles in press among the searched materials.

2.3 | Selection process

The literature search was conducted independently by three authors
(DA, JK, JK), and the title and abstract for each study were checked
thoroughly. The full-text articles were reviewed by the same authors

for inclusion. Any disagreements were resolved via discussion.

2.4 | Data collection process and data items

We extracted the following data during the screening phase: title, abstract,
journal, author name, publication year and publication type. Through a
full-text assessment, additional data on the authors, study design, age,
effect measures, number of samples, period, World Health Organization
region, race/ethnicity and data source were extracted. We included stud-
ies that presented the number of samples or effect measures (eg risk ratio,
odds ratio and prevalence ratio) according to our age criteria. Studies with-
out available data were excluded when they did not match the age criteria
set in this study. All studies were included even if the database was dupli-

cated, but the types of anomalies reported were different.
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2.5 |

Assessment of risk of bias

The Newcastle-Ottawa scale was used to assess qualitatively the risk of
bias for the included cohort and case—control studies.*? For cross-sectional
studies, the adapted version of the Newcastle-Ottawa scale presented by
Herzog et al. was used.’® The authors (DA, JK, JK) independently assessed
the risk of bias of the included studies and verified the quality of the evi-

dence. Any discrepancy in the assessment was resolved via discussion.

2.6 | Effect measures

It was assumed that the relative risk and odds ratio could be numeri-
cally integrated because congenital anomalies are rare diseases in the
target population.14 Schmidt and Kohlmann suggested a “rare disease
assumption” that odds ratio may provide an acceptable approximation
of relative risk.}* This could be applied when the prevalence or inci-
dence did not exceed 10% in the target population.}* Since the overall
incidence of congenital anomalies is reported to be approximately 3%,
we assumed that the odds ratio could be numerically integrated into
the relative risk.> We integrated several effect measures, such as odds
ratio, relative risk, prevalence ratio and risk ratio, into odds ratios. The
number of samples was used first for the odds ratio calculation, fol-
lowed by the unadjusted value and 95% confidence interval (Cl).

2.7 | Synthesis methods

We performed meta-analyses to calculate the pooled odds and
the corresponding 95% CI stratified according to maternal age.
The classification of I? statistics as presented by Higgins et al.
was used to evaluate the heterogeneity of the effect measures.*
The heterogeneity was considered low, moderate and high for 12
values of 25%, 50% and 75%, respectively. We considered an 12
value >50% to indicate substantial heterogeneity. If heterogene-
ity exceeded 50%, the random effects method was used; other-
wise, the fixed effects method was used. If an integrated value
was required within the study, the calculations were performed
using the Higgins method.’ We considered the results to be sta-
tistically significant when the P-value was <0.05 or when the CI
did not include 1. REVIEW MANAGER 5.4 software was used to
synthesize results.

We conducted sensitivity analyses restricted to studies with
recent publication (2000 or later); overall low risk of bias (rated as
“good” based on Newcastle-Ottawa scale); and individual study de-
sign (cohort, case-control and cross-sectional design).

Subgroup analyses were conducted for mothers aged 35-
39 years, mothers aged 240 years, chromosomal/non-chromosomal
anomalies, and organ system defects.

Organ system defects were divided into eight categories: central
nervous system defects, oral cleft/lip defects, heart defects, diges-
tive system defects, abdominal wall defects, diaphragmatic hernias,
limb and extremity defects, and urogenital defects.

2.8 | Publication bias

Funnel plots were drawn to evaluate the risk of publication bias
using the REVIEW MANAGER 5.4 software. Egger's regression test
was performed using STATA 13 software to evaluate statistically the
publication bias.

2.9 | Certainty assessment

The Grading of Recommendations, Assessment, Development and
Evaluations (GRADE) approach was used to evaluate the strength of the
clinical practice recommendations. This approach uses a structure that
rates the confidence in risk estimates as high, moderate, low, or very
low, based on eight considerations: study limitation, directness, con-
sistency, precision, reporting bias, dose-response association, plausible
confounders that would decrease the observed effect, and strength of
association (magnitude of effect).® For observational studies the as-
sessment starts at “low” level and further upgrading or downgrading is

carried out based on responses from domain criteria described above.

3 | RESULTS

3.1 | Study selection and characteristics

A total of 2504 records were initially found based on the search
terms. We excluded non-humans, non-article types and conference
papers. Overall, 1155 records were screened based on their titles
and abstracts. Further, 962 papers not related to our study topic
were excluded. A full-text review of 193 papers was conducted, and
87 papers were selected. We excluded 106 papers according to the
following criteria: duplicated papers, review articles, non-English
articles, no full-text available, no quantitative data, and no control
group. Twenty-three papers were excluded owing to mismatched
age criteria. Finally, 65 papers were included (Figure 1). These in-
cluded 15 cohort, 14 case-control and 36 cross-sectional studies.

The characteristics of the included studies are presented in Table 1.

3.2 | Synthesis of results

3.2.1 | Overall congenital anomaly

Sixty-two and 52 studies were included in the analyses of older and young
mothers, respectively. The pooled unadjusted odds ratio of congenital
anomaly (95% Cl) was 1.64 (1.40-1.92) (> = 99%) and 1.05 (0.96-1.15)
(? = 88%) in the pregnancies of older and young mothers, respectively
(Figure 2A,B). A subgroup analysis of the groups including mothers aged
35-39 years and those aged 240 years was performed based on 17 stud-
ies. The pooled unadjusted odds ratio of congenital anomaly was 1.72
(1.39-2.11) (1 = 98%) and 3.24 (2.04-5.15) (I* = 99%) in the groups with
mothers aged 35-39 years and those aged 240 years, respectively.
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FIGURE 1 PRISMA flowchart

3.2.2 | Chromosomal anomaly

In all, 14 studies and 11 studies were included in the analyses of older
and young mothers, respectively. The pooled unadjusted odds ratio
of chromosomal anomaly was 5.64 (5.13-6.20) (I?> = 87%) and 0.69
(0.54-0.88) (1> = 78%) in pregnancies of older and young mothers,
respectively. In older mothers, the unadjusted odds ratio of having a
child with trisomy 13, 18 and 21 was 2.98 (1.30-6.78) (> = 98%), 5.06
(2.40-10.65) (I> = 99%) and 6.70 (4.78-9.40) (I* = 98%), respectively,
whereas those for young mothers, were 0.88 (0.72-1.09) (I?> = 37%),
0.93(0.79-1.09) (> = 0%) and 1.01 (0.94-1.08) (I = 0%), respectively.

3.2.3 | Non-chromosomal anomaly

In all, 15 and 14 studies were included in the analyses of older and
young mothers, respectively. The pooled unadjusted odds ratio of
having a child with a non-chromosomal anomaly was 1.09 (1.01-
1.17) (> = 62%) and 1.10 (1.01-1.21) (1> = 57%) in older and young

mothers, respectively.

3.2.4 | Differences in organ system defects

A subgroup analysis was performed for eight organ system defects:
central nervous system defects, oral cleft/lip defects, heart de-
fects, digestive system defects, abdominal wall defects, diaphrag-
matic hernias, limb and extremity defects, and urogenital defects.

The overall results are presented in Table 2. The heterogeneity
was considerable except for that in the results of oral cleft/lip de-
fects and diaphragmatic hernias. In children of older mothers, the
incidence of central nervous system defects, oral cleft/lip defects,
heart defects and urogenital defects was significantly increased.
In young mothers, the incidence of having children with oral cleft/

lip defects and abdominal wall defects was significantly increased.

3.3 | Sensitivity analysis

The sensitivity analysis was performed based on the parameters: re-
cent publication, overall low risk of bias, and individual study design.
The magnitude of the pooled effect remained relatively similar in

sensitivity analyses (Table 3).

3.4 | Risk of bias within studies

We assessed the quality of included studies based on the Newcastle-
Ottawa scale. The quality of most studies was rated “good.” Detailed
assessments are presented in Tables S1-S3.

3.5 | Publication bias across studies

Funnel plots were drawn for results of overall congenital anoma-

lies (Figures S1 and S2). Egger's regression test confirmed that no



AHN ET AL.

(dINagD) weusoud SuioHUoN
39949 y3ig eluloyijed ay L

Asi39y s3199)0Q Yiiig epliol ayL

(SNg)
W3ISAS UOIIRIYION YHIg BYL

‘puejal)
ul |eydsoy Ajluiajew ueqan

(SINOEN) Wa1sAg 3ulioluO|A
SaW02INQ Yidig epeAsN

$a111s139. S10949p
y1Jiq paseq-uone|ndod a3e3s ¢1

(NYEIN) AemioN Jo A13siSay
431G [B21P3IN SPIMUOIFEU BY |

4193U32 a4ed AJeiia) e

swes3oid adue||IaAInNs
$129J9p Yuiq paseq-uonjejndod T

“Hoyod yuiq
aA10adsoud (gig) p4ojpelg ul uiog

suolnew.ojleln|
|e3iuaduo)) Jo A1si39y sied

euly) ‘ueyso
ul 340402 y3liq paseq-uoireindod
A310 uen33uoq ay3 Jo
S191Ua)) aJeD YijeaH ualpjiyd
pue |eusajel pue sjeydsoy 7/

92.JN0S ejep

UBISY 2e|q ‘dpym

oluedsiH u10g-ugdiaio4

‘9}Iym dluedsiH uioq
SN ‘@)ym dluedsiH-uoN

19?410
‘oluedsiH “oe|q a1uedsiy
-UON ‘93Iym djuedsiH-uoN

JluedsiH-uou Jayjo pue
‘oluedsiH “de|q oluedsiH
-UON ‘@}ym djuedsiH-uoN

BYIO

‘oluedsiH “ae|q oluedsiH
-UON ‘@}ym djuedsiH-uoN

“JOpUE|S| J1410ed/UBISY pue
‘OluedsiH “oe|q oluedsiH

-UON ‘@UYym djuedsiH-uoN
9410

‘lueispied ‘ysiiig slym

Aydruyrayaoey

SN

SN

uemie]

puejaJ|

SN

SN

AemuoN

elpu| Y1JoN

SN

AN

2ouel4

eulyd

eulyd

uoi3au
OHM

€00C-€861

€00C-8661

0T0¢-100¢

T110¢-000¢

1102¢-900¢

S00¢-5661

0T0C-£961

¥10¢-¢10¢C

£00C-6661

1102-£00¢

G10C-€861

610¢-S10¢C

£102-€10¢C

pouad

(9L50v7 € =)
|e3o] (0€9 = u) sase) oy

(8T 64T T=1U)
[e10] (G6€ = U) saseD) dd

TSZETT T =U (IsH aAne|ad) ¥y

9169€ =U (0l3eJ Sppo) YO

(TreveT =U)

[B30L (T¥9¥ = u) sesed  (0l3ed sppo) YO

(16 900CT = U)
|e30] (80EZ = U) S9SeD) 93kt 2dU|eAdid

(¢19255 ¢ =U)
[e30L (€GEE = U) SaseD (3Sl4 dAIIE[.) ¥y

zevyoz=u JaquinN

99% 80T ET =U JsquinN

0SPZT =Uu  (01el>su) ¥y
(#606t8 = U)

QWoJpuAs umoQq
-UON (8¥£Z = U)

awWoJpuUAs umoq JaquinN
(£6809 = u) 32343p
1J4eay |enuasuod
-UON (£86 = U)
109J9p Jeay [e3uasuo) JaquinN
(298 6¥9 = u) dnous
[013U0D (SLT €9 = U)
dnou8 Sujusauds oy
sa|dwes Jo JaquinN sainseaw
1P3443

03 10 ‘6€
-GE ‘YE-0€ ‘(334)
62-SC ‘v¢-0C ‘0C>

GE ‘YE-0€E (334)
62-SC ‘¥¢-0¢ ‘02>

(49¥) £T ‘v¥= ‘VT5

0% ‘6£-5€ ‘(42¥)
¥€-0¢ ‘61-8T L1

GE ‘PE-0€ ‘(42¥)
62-S¢C ‘¥2-0T ‘0>

GE= ‘PE-0€ ‘(42¥)
62-S¢C ‘¥¢-0T ‘0>

0ovz ‘6€
-GE ‘P€-0¢ ‘(42¥)
62-S¢C ‘¥2-0T ‘0>
Gez
‘v€-0€ ‘62-SC ‘v2-0C

GEZ ‘YE-0¢
‘62-ST ‘¥2-02 ‘0T>
ye<
‘(42¥) ¥€-0¢ ‘02>

Ge<
‘P€-0€ '62-SC ‘vC-5T

GEX ‘YE-0C ‘0C>

GEX ‘YE-0€ ‘6T
-GZ ‘(49¥) v¢-0T ‘0>

asy

10yod

1oyod

1oyod

1i0yod

1oyod

1i0yod

1oyod

}10yod

Moyod

Hoyod

1oyod

1oyod

1oyod

usisap Apnis

«25SeID

gz!WdlES
Rmcm>>

szueusSnep

s NIEMIN-BLINGIN

JzllBUSIEIN

cz34°4

z¥eud

1SN0

ozdousig

criowionig

mﬁwcm\r

sy 8uelr

921n0g

Sa1pN3s 4o sonsLaIeIRYD T 374V



AHN ET AL.

(sanunuo))

(SdAgN)Apnis uoruanald
$129J9Q yig |euoneN ayL

(SdadN)Apnis uoiuaAs.d
$129J9Q yuig |euolleN ay L

wa)SAG Juswaseueln YyileaH
PIIYD pue [eutale|N usyzusys ay |

(dinagoN)
weJs301d SulI0}IUO|A S39942Q

y1g eujjoJed yHoN oYL

euuasiy ul sjeydsoy g€

(Sd@dN) Apnis uoljuanaid
s129j9 Yyuig |euoneN ayl

110400 AIUISIEIN Ysiuulg

elqely

1pnes ‘ypeAry 4a3uad aled AJeliay
SUOI310Qy/ Pa2NpU| UO 4915139y
3Y3 pue U1sI3aY yiig [edlpaiN
ay3 ‘suoljewlojje|n [e3uasuo)

0 1935189y |euolieN ay |
SUOIJeULIOJ[BIA

|e3ua8uo) jo 1935139y ysiuui4
eidoiyig

uJ91S9My1Nos Ui sjelidsoy 9

|e3idsoH niyap Iuey doosems

Apnig
YHeaH pliyD |euolieN 3x3unid ay L

92.JN0s ejep

J3y3o
‘o1uedsiH “de|q dluedsiH
-UON ‘93Iym djuedsiH-uoN SN
19410
‘oluedsiH “oe|q a1uedsiy
-UON ‘9}Iym djuedsiH-uoN SN
eulyd
ERIIPENiTe)
‘oluedsiH “oe|q a1uedsiy
-UON ‘93Iym djuedsiH-uoN SN
eujuadiy
12410
‘oluedsiH ‘“oe|q a1uedsiy
-UON ‘93iym diuedsiH-uoN SN
puejuig
elqely Ipneg
puejuly
puejuiy
eidolyq
UI9)S9MYIN0S
elpuj

J3Y30 Japuefs|
J1jIoed ‘IOB|A ‘Ueadoing puejeaz MaN

And1uyla/aoey uoi3au

OHM

S00C-L661

£L00C-L661

¢10¢-010¢

500¢-€00¢

T100¢-¢661

£00¢-L661

¢10C-/861

€10¢-0T0¢C

800¢-9661

800¢-9661

810¢-910¢

£861-€861

1661-0661

pouad

(€0£9 =U)
[043u0D (£8T = U) saseD)

(6918 =U)

[043U0D (££E0T = U) SaseD

(LOETT =U)

§|03u0D (61T = U)

snieAouinba (46T = U)

91ejed 3NOYIIM JO YIM

dij1ajo ‘(gge = u)

AlAyaepA|od (€69 = u)
$329J9p 3Jeay |e3iuaduo)

(€T09T =U)
S]0J3U0D (G466 = U) sased

(rbeeT =)
5|043U0D (98/€ = U) S35€D)

(8zz =)

S|0J3U0D (LTT = U) sase)d
(928 =u)

S|043U0D (Z6Z = U) sased
(¢9zT =U)

$]03U0D (6£TT = U)
saljewoue [e}uasduo)

(Sev =u)
|0J3U0D) (/8 = U) SaseD)

(STOT =u)
s|oJju0) (£Z€ = U) sased)

(£88=1U)
|043u0) (TGT = U) saseD)

(8c0t = u)
|e10] (09 = u) saseDd

(ec6€ = u)
[e30L (0LT = U) S9seD

sa|dwes Jo JIsquinN

(01384 sppo) YO

JaquinN

(01384 sppo) YO

(o11e4 sppo) YO

(0184 sppo) YO

(01384 5pP0) YO

JaquinN

(01384 5pPO) YO

(01184 sppo) YO

(01384 5pPO) YO

JaquinN

JaquinN

JaquinN

sainseaw
193943

GE ‘(Jo¥)
¥€-SC‘vC-8T ‘81>

0Pz ‘6€-G€ ‘v€-0€

‘6T-SC ‘¥¢-0T ‘0T>

GE< ‘vE
-0€ ‘(Jo¥) 62-SC ‘GT>

GEX ‘PE-0€ ‘6T
-GS¢ ‘¥¢-0¢ ‘(49d) 0T>

GEX ‘VE-0C 615

GE<'VE
-0€ ‘(42¥) 6¢-5¢C ‘ST>

GZ= ‘ST-0¢ ‘0C>

ov<‘ov-T1€
‘(42¥) 0€-0¢ ‘0>

Ge<
‘(49¥) ve-5C ‘5T>

Gz ‘(#9Y) ve-sT ‘gT>

9€<
‘6€-9¢ ‘Gz-1T ‘025

YE<VE-¥C ‘vT>

GE ‘VE-0E
‘62-S¢C ‘¥¢-0T ‘'0¢>

ady

|0J3Uu0d-3se)

|0J3U0d-3se)

|0J3U0d
—9SeJ Paj}saN

|0Jju0d-3seD)

|0Jju0d-3seD)

|oJjuod-ased
|0J3U0D

-3se2 pajsaN

]0J3u0d
-9se2 pajsaN

|0Jju0d-3sed)

|oJjuod-ased

|0J3u0d-3sED)

Hoyod

3oyod

usisap Apnis

(ponunuo?)

2p193ed

o

oﬁOjn_

eUOISUIM

ginimed

,eUosmeq

oeIEd

celPAN

peUdUBAAS

cgUdUBAAS
262929V

1cBAUSIN

oghuoNnL

921n0g

T 319vl



puejiey | uiayinos §£2 ‘vE-08 ‘62 [euopdas
uy sadunoad 93.y3 Ul sieydsoy £9t pueieyl  £10Z-600¢C £6£98T =u aduslenald -5z ‘(49¥) ¥Z-0¢ ‘02> -SS01D g [MjMIseueIeInIef

AHN ET AL.

s|eydsoy ajeAld /£ pue
‘sje3rdsoy Supowoud-yjjeay
T2 ‘s|eydsoy Ajlunwwod
¢ ‘lendsoy |epuiAoid T

‘sje3idsoy Ja3uad uoiedNpa GE3 ‘GE-0E |euoi}oas
[e21paw ¢ ‘[e3idsoy ANsIaAIuN T puelieyl  £T0Z-6002 £6£98T = U J_qWNN  ‘0£-52 '52-0C ‘02> -5S01) . IMjLIseueleIner

(SVD40N) AdAIng Ajljeutiouqy pue|su3 52 ‘€-0¢ ‘(49Y) leuoi3oas
[EHUSBUOD UISYION BY L JOUMON  £T0Z-866T (vZOb = U) saseD (st annelP) ¥y 62-SZ '¥Z-0T ‘02> -s501D) Lc1sog

9AIIEN BSe|Y O uelpu|
uedLIBWY dluedsiH-uoN
‘Iapue|s| J1410e 10 UBISY
oluedsiH-uopN ‘oluedsiH
sweJgoud {2e|q dluedsiH-uoN (S990TT TT = u) syniq 0P= ‘6€-G€ ‘v€-0€ [euo30as
SJUE|[I9AINS $33343p Y3liq OE ‘91ym djueds|H-UoN SN €10¢-600¢ J3AIT (8£96 = U) saseD [quinN ‘62-S¢ ‘vz-0T ‘'0¢> e ogUesesd

s|ejidsoy ajeAnd 7/ pue
‘sje3rdsoy 3upowoud-yjjeay
T2 ‘s|epdsoy Ajlunwwod
€ ‘lendsoy |epuiroid T

‘s|ejidsoy J4a3uad uoijeonpa Ge= |euolyoas
[ealpaw ¢ ‘|eyidsoy AyisiaAiun T puejleyl  €102-600¢ €6£98T =U JaquinN  ‘y€-0€ ‘0€-5T ‘'SC> -SS0AD INjuIseuejelnter
9ouajeAald Ge2 ‘(J9Y) ¥€-0¢ |euoiyoas
ueunH ui sjeidsoy paJalsisal g BUIYD  9TOZ-CTOT 090€/49 =u ‘(0neISPPO) YO  ‘6C-S¢C ‘¥¢-0C ‘0C> -Ss04D gy 2IX
(NIN@ED) d10Mm3aN SULIOHUOIN oney GER '‘PE-0€ ‘(J3Y) [euo(30as
$39943Q Y3dig asaulyd ay L BUIYD  $T0Z-£00C TrI¥8zeT =U adUdendld 62-S¢C ‘¥¢-0C ‘0> -$504D A
(068€88Z =)
[e30L (T8TE =U) (oneu sppo) GE<'GE-0E ‘0E [euo30as
9dUlr0Id UeUNnH ul seidsoy €80T BUIYD  6T0C-9TOC Salyeulioude [ewosowolyD YO ‘@dudjeAdld -GZ ‘GZ-0T ‘(Jod) 02> -$501D )

Anysi8al (QLN)
3994p 3N} [eInaU (NSDYD)

SpaaN [el2ads yiim ualpjiyd (0g6 = u)

03 spuodsay opeJojo] 3y L Uelsy ‘uelpuj §2e|q ‘a1ym SN 8661-686T  S|01IUOD (fgZ = U) S9seD (011 SPPO) YO  GEX ‘(J9¥) ¥€-0C ‘6T>  |043u0d-3seD) cpAoled
(4ag) Ansiday 19410 (LLL=u) GE ‘VE-0€E ‘(43¥)
$32949Q yilig ueljed3sny 3sspn sy ‘leulsLioqy ‘ueiseane) ellesysny  $661-086T  S|0J3U0D (0SH = U) SIsED (013l SPPO) YO 62-SC ‘v¢-0C ‘0¢>  |0djuod-ase) pyUBUBSRAJAIN
uelpu| uedLIBWY

‘(NdAgN) 10M3aN UOIJUBARIH uelsy dluedsiH uedLIBWY (06£T9 =U)
$33949Q yilig |euolleN ay L UedLIY/>2€|q aHym SN S00Z-TO0T  S|043U0D (6ET9 = U) S9seD  (013R4 SPPO) YO  GEZ ‘(J9Y) ¥E-ET ‘€C>  |043U0d-3seD ey HEd
92.Nn0s ejep And1uyla/aoey uoi3au pouad sa|jdwes jo JaquinN sainseaw 98y usisap Apnis 924nog

OHM 1P3443

(PenuUUOD) T 3749VL




AHN ET AL.

(senuijuo))

1935189y
$32949Q Ylig UBLIOIDIA 9y L

(dagH)
weua30.d s32949Q Yidig llemeH ay |
W9)SAS Aa3si3au
uojjewJoew |e3uaguod
paseq-|ejdsoy e YJomiaN
3UlI0}IUOIA SFI9J2 YHig 9saulyd

(4adN) Ansisay
$329j9Q yHlig |euolleN ayl
1935139y Saljewouy

|e3iusa8uo)) [euoljeN ay |

(dadovi)
weJ3old s32949Q |eHuaduo)

ejuUe[}y UeyljodonIaN By L

uemie] ul Ai3si8ad yiaiq ayl

s193s13a.
uejjesisny g pue s1a3sigal
Alewoue |ejiuaduod [euoi3al MN £

weJigold s33j2Q
yig eljo3uo| Jauu| Jo ASAINS

(LvD0¥N3)
saljewouy [e}iuasuo) Jo

9due||19AINS ueadoung ay |

sal13si3al (1D 0¥ N3)saljewouy
|eyuaduo) jo

20ue|[19AING ueadoing

(NW@go) HomisN
SulI0}IUOIA S32342Q Yidig asaulyd

salsidal (1vY20¥N3)
sallewouy |e3iuaduo)

JO @oue|[19AINS ueadoun]

92.JN0s ejep

eljessny
ouldi|i4 Jspue|si d1j1oed
uelsy jsej Jeq ueiseoned SN
eulyd
SEUle}

‘uelpul ‘Aejeln ‘@sauiyd alodeguis
sajediwg
qely payiun

SHYM-UON 3HYym SN
uemie]
eljedisny ‘MnN

19430 ‘ueljo3uo|p ‘ueH eulyD

adoin3

adoun3

eulyd

adoin3

And1uyla/aoey uoi3au
OHM

000¢-€861

000¢-9861

000¢-9661

000¢-1661

T00C-6661

€00¢-6861

¢00¢

00¢-0861

800¢-500¢

600¢-0861

600¢-0861

£00C-9661

0T0¢-T00¢C

pouad

£060ZTT =U
(9£€T = u) sased

(99818Z = U)
[e30L (8Z = U) saseD

(91981CC =U)
[e30] (661 = U) SaSED

(9608c€ =)
[e301 (048 = ) s3s€D

(6T 89 = U)
|e30] (Tt = u) sased

(T8 = u) sesed

(ovT 2tz =u)
[e30] (G//T = u) saseD

(#Scz = u) 8T Awosui|
(G26 =u) €T Awosi|

9L6=U

(zzeT =u) sased

(TevSSTCT =U)
[e10] (££E€ = u) sase)

(#6580€ 9 = )
[B301 (EE€6T = U) s3sBD

(558T/8 G =U)
[B301 (626 OT = U) s3seD

sa|dwes Jo JIsquinN

(013e4'sppo) YO

(o184 93EJ) ¥y

JaquinN

JaquinN

JaquinN

dd

(01384 sppo) YO

2ous|eAald

(rsu
EINRLEIED))
¥y ‘@dusjeAald

(dIst aAnE|R.) ¥y

(rsu
EINRLEIED))
¥y ‘@dusjeAald

20U9|eAald

(isu
EVNIEIEY))
Y ‘@ousjenald

sainseaw
193943

0= ‘6€

-GE ‘Y€-0€ (42¥)
62-5C ‘v¢-0C ‘0C>

0¥z ‘6

-GE ‘v€-0€ (42¥)
62-5C ‘v¢-0C ‘615

GEX ‘PE-0€
‘62-S¢ ‘vz-0T ‘'0¢>

67-S¥

‘P¥-0v ‘6€-G€

‘P€-0€ ‘62-5C
‘¥¢-0C 61-GT ‘ST>

0= 6€-0€
‘62-ST ‘¥T-0T ‘61-91

v¥-s¢
‘(49¥) ¥€-02 ‘6T-ST
0% ‘6£-G€ ‘v€
-0€ ‘(J9¥) 62-0¢ ‘0C>

(pay1dads
sage ||V) 67-9T

(49¥) GE<‘s€ ~ 0€
‘0€ ~ ST ‘'sT>

S€3 'Y€-0€ (J2N)
62-ST '¥2-0T ‘02>

GE 'E-0€ ‘6C
-G¢ ‘(49¥) ¥Z-02 ‘0T>
GE2 '¥E-0€ ‘6T
-GZ ‘(49¥) ¥2-0T ‘02>

OP= ‘6€

-G€ ‘7€-0¢ ‘(Jo¥)
62-S¢ ‘¥¢-0¢ ‘0>
ady

|euoi}oas
-S504D

|euoli}oas
-S504D

|euo|30as
-ss04D

|euoi}oas
-s504D)

EOIERES
-ssouD)

|euol3das
-ss04D

|euol30as
-ss0.D

|euol3das
-ss04D

|euol30as
-ss04D)

|euol3das
-ss04D

|euol30as
-ss04D)

Jeuoi}oas
-$504D

|euoi}oas
-$S04D

usisap Apnis

(ponunuo?)

mogwumw.COn_

yoled

mo:m._r

2o/UBSOH

o¥eInog

094242

«cBMES

gc8UBYZ

(51528

9cUIRAIDIN

mmwcmn_

vame._wm_

921n0g

T 319vl



AHN ET AL.

saljewouy |ejuaguo)
J0 4935189y Mmo3se| ay |

weJa30.d s32949Q |e3uaduo)
ejue[}y uejljododIsin sy L

BUPJEAA ‘|e)dsOH [IA1D pue

‘eypJepn ‘welsemas ‘saduaids
|EJIP3IA JO 1NYIsU] Iypues eweyejn

A13s13a1 8unoqsesis ay |
sallewouy |e3luaduo)

4O 1935139y mo3se|n ay |
A115139y suoljew.lo)|eln

|e3ua3u0)) $,9181S YI0A MON 3y |

(dADVIN) weiSoud s30942Q
[e3IURSUOD) BJUE}Y UBH[OdOIIB|N BY |

(dadVI) weidoud s32942Q
[e}US8UOD BIUERY UBH|OAODIA B L
‘aupIpaN

40 A3|noe4 AjIsiaAiun 1zeg

(4agvM pue ¥yAgys) siaasisay
$30949Q Yig ueljesysny
UJ2)S9AA PUE UBI|EIISNY YINos ay |

(419)
1915139y AwOSII] Ys13302S 3y

W91SAS
|eydsoH pue yjjeaH puepjied

(dagH)
weua3o.d s32949Q Yidig llemeH ay |

(dagH)
weua30.d s32949Q Yidig llemeH ay |

(dagH)
weuSold s399joQ Yig llemeH ay |

92.JN0S ejep

}981q ‘OHYM

498q ‘SHYM

SHYM-UON ‘3HYM

1BYI0 ONYM

SETT:Yo)

/UBISY ‘[eUISLOqY ‘OHYM

BYIO
S1uedsIH ‘ONYM de|q

J1j19e UBISY 353 Jeq ‘D3ym

ouldi|i4 ‘4apuels)

ded ‘UBISY 1583 Jed ‘ONym

ouldiji Japuesi

dHj19ed UeISY 358 Jed ‘DYyM

Ayduyrayadey

AN

SN

elpuj

Auewisn

AN

SN

S’N

SN

Aaxpany

eljeysny

AN

SN

SN

SN

SN

uoi3au
OHM

9861-1/61

€861-0L6T

9861-5861

C661-0861

0661-0861

6861-€861

€661-8961

C661-8961

G661-8861

0661-086T

7661-0661

7661-8861

6661-9861

000¢-9861

000¢-9861

pouad

(80T /ZT =U)
[e30L (€GT = u) saseDd JaquinN
(0T = u) sese)d JaquinN
(0oog =u)
|e30] (g8 = u) sase)d JaquinN
(S08€LT =U)
[e30L (£TT = U) SeseD JaquinN
(8L THT =U)
|e10] (€£T = u) saseD JaquinN

(09 =u)sesed  (oned a3ed) Wy

(£G = u) seseD (sl aAE[RL) ¥

(0o0tveL =u)
[e30L (€9 =u)saseD  (oneddsu) ¥y
(0916 =U)
[e30] (20T = u) saseD JaquinN

(6G = u) sased  (013ed sppo) YO
(ze =u)Iay10
(9€ = u) €T Awosi]
(80T = u) 8T Awosi]

(0£y = u) Tz Awosti| JsquinN
(8z£20T =U)

[€30L (£GL€ = U) S9SED (SI dAIRE[4) ¥y
(S6££9Z =U)

[e101 (17ZT = u) S9seD (Ysi aAlle|ad) ¥y

(zge =u)sased  (oned a3ed) ¥y

(osegsc =u)

[eI0L (¥8E = u) seseD)  (o13ed 33ed) ¥y

sainseaw
19343

sa|dwes Jo JsquinN

+5€ ‘ve-0€
‘62-S¢T ‘v¢-0T ‘'0¢>

GE= ‘VE-0€
‘62-S¢ ‘v¢-0T ‘'0¢>

GE= ‘VE-GT VTS5
or<
‘6£-G€ ‘v€-0€
‘62-S¢ ‘v¢-0T ‘'0¢>
+0t ‘6€-S€
‘¥€-0€ '62-0C ‘0C>
GE= (Jod)
¥€-S¢C ‘v¢-0T ‘'0¢>

(49¥) G€= ‘ve-ST ‘5>

GEZ ‘PE-0€ ‘(42¥)
62-5C ‘¥2-0C ‘02>
o<
‘Ob-T€ ‘0e-TC ‘0C>
0¥ ‘6£-G€ ‘v€
-0€ ‘(42¥) 62-5T
‘¥Z-0T ‘61-91 ‘ST>
Gz
‘P¥-0v ‘6€-5€
‘Y€-0€ ‘62-SC
‘v2-0T ‘61-ST ‘ST>
0= 6€-G€ ‘vE
-0€ ‘62-5T ‘(43)
¥2-0¢ ‘61-9T ‘ST
§€2 '¥€-0¢ (4oY)
62-5T ‘v2-0C ‘615
0p< ‘6€
-G€ ‘P€-0¢ ‘(42¥)
62-ST ‘v2-0C ‘615
0Pz ‘6£-G€ ‘v€-0¢
‘62-ST ‘¥2-0T ‘615
ady

|euol}das

-ss04D) 1g2U0IS
|euoi}das

-$s04D) ogUien
|euol}das

-ssoJD) o/ IPRAINIEYD
|euoi}das

-Sso.) g,1103S
|euoli}das

-$s04D ,,22do1
|euoi}das

-S04 IRl
|euoli}das

-S04 /YO0
|euol}das

-$s04D) pUassnuwisey
|euol}das

-S04 mN:_mSmEE_I
|euoi}das

B eJig) Nhtoum.co;m_
|euoli}das

-ssoJD) 1/S49u300ED
|euoli}das

-$504D) o RlIoH
|euoli}das

-$s04D) 9193524104
|euoli}das

-$504D) gol2159.1104
|euol}das

-S040 19193591104
usisap Apnis 924nog

(PenuUUOD) T 3749VL



AHN ET AL.

0dds Ratio 0Odds Ratio

. SE_Wei R 95% Cl V, Random, 95% CI
Abebe, 2021 0.0083 0.3868  1.3% 1.01[0.47, 2.15) I
Berg, 2015 0.0488 0.0619  1.8% 1.05(0.93, 1.19] T

|

Bergman, 2015 00524 00288 18%  095[0.90, 1.00]

Best, 2014 00862 00921 18%  1.09(0.91,131]
Best, 2016 -0.0101 00543 18%  0.99(0.89, 1.10]

Bhat, 2016 12988 0131 1.8%  3.66(284,4.74] =
Bishop, 2017 02376 0.1124 18%  1.27[1.02,1.58] =

Boulet, 2008 07885 0153 17%  220[1.63,297] =
Bruckner, 2019 15707 00412 1.8%  4.81(4.44,521) -
Byron-scott, 1998 1.0986 0.5213 1.0% 3.00[1.08, 8.33]

Carothers, 1999 20104 00843 18%  7.47[633,881] P
Chaturvedi, 1993 03362 10453 04%  1.40(0.18, 10.86] e
Chen, 2009 03001 0.3424 14%  1.35[0.69,2.64] I

Cragan, 1993 01194 00283 18%  1.13[1.07,1.19] %

Dai, 2004 02425 02181  1.6% 1.27(0.83, 1.95] o

Dawson, 2015 01329 00628  18% 1.14[1.01,1.29] ™

Deng, 2015 04383 0.0977  1.8% =

Druschel, 1995 01398 04902  1.1% —

Farley, 2002 05075 02792  1.5% ——

Forrester, 2002 02067 02954  15% B

Forrester, 2003a 1.8275 0.1041  1.8% =
Forrester, 2003b 01763 02036  16% =

Forrester, 2004 04156 0239 16%  1.52[0.95,2.42] =

Gill, 2012 0079 00384  1.8% 1.08[1.00, 1.17] r

Glass, 2008 0201 0132 18% 1.22[0.94,1.58] =

Himmetoglu, 1996 14063 07324 0.7%  4.08[0.97,17.15] I

Hollier, 2000 06931 05213 10%  2.00[0.72,5.56] =

Jaruratanasirikul, 2016a 02632 01228 18%  1.30[1.02,1.66] =
Jaruratanasirikul, 2016b 00928 01657  1.7% 1.10(0.79, 1.52] =
Jaruratanasirikul, 2017 19793 01568 1.7%  7.24(5.32,9.84] =
Jiang, 2020 027 00284 18%  1.31[1.24,138] -

Kurdi, 2019 07374 01921 17%  2.09[1.43,3.05] =&

Lopez, 1995 18769 01703 1.7%  6.53(4.68,9.12] —=
Luo, 2013 01306 0097 18%  088[0.73,1.06] =1

Marshall, 2015 05551 0.0554  1.8% 1.74 156, 1.94] -

Martin, 1990 01308 0.3444 14%  1.14(0.58,2.24]

Mburia-Mwali, 2015 02603 00369 18%  1.30(1.21,139]

McGivern, 2015 00296 0.0745 1.8% 1.03(0.89, 1.19]

Mishra, 1989 00094 04115  12% 1.01[0.45, 2.26) — T
Mylvaganam, 2005 00278 0204 16%  1.03[0.69,1.53]

Parker, 2009 00226 00423 18%  1.02(0.94,1.11] T

Patel, 2012 00826 02264 16%  0.92(0.59, 1.43] ——

Pawluk, 2014 06847 00476 18%  1.98[1.81,2.18] +
Rasmussen, 1996 08329 0462 11%  2.30[0.93 5.69] T

Salemi, 2009 23593 05045 11%  0.09[0.04,025] ¢

Sawva, 2010 17393 004 18%  569(5.26,6.16] -
Stoll, 1994 20298 01402 17%  7.61(5.78,10.02] =
Stone, 1989 20682 01725 17%  7.91(5.64,11.09] b
Syvénen, 2021a 0197 04757  17% 1.22[0.86,1.72) o

Syvénen, 2021b 09181 0.2484  16% 4 ==

Tan, 2005 05059 0.0267  1.8% T

Tuohy, 1993 0.1461 0.2568  1.5% -
Vallino-Napoli, 2004 00842 00802  1.8% =

Vaughan, 2014 05365 0198 17% I

Weng, 2014 02624 00282 1.8% 1.30[1.23,1.37) T

Winston, 2014 01932 00943 18%  1.21[1.01,1.46] =

Xie, 2018 01697 00439 18%  1.18[1.09,1.29] .

Xie, 2020 15797 00365 1.8%  4.85(4.52 5.21) =
Yang, 2020 0167 0.0949 18%  1.18[0.98, 1.42] P

Yi, 2019 04295 0.0841 18%  1.54[1.30,1.81] =

Yoon, 1996 00294 06148 09%  097[0.29,3.24] e

Zhang, 2012 03525 0.1228  1.8% 1.42(1.12,1.81] =

Total (95% Cl) 100.0%  1.64[1.40,1.92] *
Heterogeneity: Tau® = 0.35; Chi’ = 4855.18, df = 61 (P < 0.00001); I = 99% e 106 2 =
Test for overall effect: Z = 6.17 (P < 0.00001) Low High

)

Odds Ratio Odds Ratio
—Study or Subgroup _log[Odds Ratio]  SE Weight IV, Random.95%Cl  IV.Random.95%¢Cl
Abebe, 2021 0.2095 0.1672 21% 1.23(0.89,1.71]
Berg, 2015 0.0862 0.0865 2.6% 1.09 [0.92, 1.29] ™
Bergman, 2015 0.1234 0.0527 2.8% 1.13[1.02, 1.25] ~
Best, 2014 -0.1165 0.1449  2.3% 0.89 [0.67, 1.18] I~

Best, 2016 -0.0202 0.0607 2.8% 0.98 [0.87, 1.10] T
Bishop, 1996 0.0516 0.1512 2.2% 1.05[0.78, 1.42] =T
Boulet, 2008 -1.2379 0.4094 0.9% 0.29 [0.13, 0.65] - =
Byron-scott, 1998 0.8961 0.3557 1.1% 245(1.22,4.92]

Carothers, 1999 -0.9862 02157 1.8% 0.37 [0.24, 0.57]
Chen, 2009 0.2852 03275 1.2% 1.33[0.70, 2.53]
Cragan, 2016 0.3314 0.0325 2.9% 1.39[1.31, 1.48]
Dai, 2004 0.197 0.7087 0.4% 1.22[0.30, 4.88]
Deng, 2015 -0.1054 0.4011 0.9% 0.90 [0.41, 1.98]
Druschel, 1995 0.5306 0.3975  0.9% 1.70 [0.78, 3.71]
Farley, 2002 0.422 0.2178 1.8% 1.53 [1.00, 2.34]
Forrester, 2002 0.0961 0.286 1.4% 1.10[0.63, 1.93]
Forrester, 2003a -0.6028 0.2874 1.4% 0.55 [0.31, 0.96]
Forrester, 2003b 0.002 0.2442 1.6% 1.00 [0.62, 1.62]
Forrester, 2004 0.058 0.3082 1.3% 1.06 [0.58, 1.94]
Gill, 2012 0.0757 0.0427 2.8% 1.08 [0.99, 1.17]
Glass, 2008 -0.0304 0.1476  2.2% 0.97 [0.73, 1.30]
Himmetoglu, 1996 0.8928 0.2701 1.5% 244[1.44,4.15]
Hollier, 2000 0.0583 0.0778  2.7% 1.06 [0.91, 1.23]
Hosani, 2005 -0.2673  0.231 1.7% 0.77 [0.49, 1.20]

Jaruratanasirikul, 2016a -0.4238 0.1834  2.0% 0.65[0.46, 0.94]

Jaruratanasirikul, 2016b 0.0123 0.1911 2.0% 1.01[0.70, 1.47]
Jiang, 2020 0.1196 0.0425 28% 1.13[1.04,1.22]
Kurdi, 2019 -0.5459 0.2561 1.6% 0.58 [0.35, 0.96]

Lopez, 1995 -0.1056 0.2842 1.4%
Marshall, 2015 0.2549 0.0644 27%
Martin, 1990 -0.2497 0.2178 1.8%
Mburia-Mwalili, 2015 -0.2501 0.0945 2.6%

0.90 [0.52, 1.57)
1.29[1.14, 1.46]
0.78[0.51, 1.19]
0.78 [0.65, 0.94]

McGivern, 2015 0.01 0.1063  2.5% 1.01[0.82, 1.24]
Mylvaganam, 2005 0.5072 0.2188 1.8% 1.66 [1.08, 2.55]
Parker, 2017 0.1773 0.1986 1.9% 1.19[0.81, 1.76]
Patel, 2012 -0.5642 0.5141 0.6% 0.57 [0.21, 1.56]
Pawluk, 2014 0.0601 0.045 28% 1.06 [0.97, 1.16]
Rasmussen, 1996 05188 0398 0.9% 1.68[0.77, 3.67]
Salemi, 2009 15009 0.1023  2.5% 4.49 [3.67, 5.48]
Sawva, 2010 -0.2706 0.1198  2.4% 0.76 [0.60, 0.96]
Stoll, 1994 0.4517 0.3654 1.0% 1.57[0.77,3.22]
Stone, 1989 -0.4394 0.3497 1.1% 0.64 [0.32, 1.28]
Tan, 2005 0.2493 0.0841 26% 1.28[1.09, 1.51]
Tuohy, 1993 0.0973 0.3081 1.3% 1.10 [0.60, 2.02]
Vallino-Napoli, 2004 0.0591 0.137 2.3% 1.06 [0.81, 1.39]

Vaughan, 2014 -0.0101 0.1625 2.1% 0.99[0.72, 1.36]
Weng, 2014 0.3001 0.0475 2.8% 1.35[1.23, 1.48]
Winston, 2014 -0.0626 0.1059  2.5% 0.94 [0.76, 1.16]

Xie, 2018 -0.4032 0.1166  2.5% 0.67 [0.53, 0.84]
Xie, 2020 -1.1791 0.2248 1.7% 0.31[0.20, 0.48]
Yang, 2020 0.4919 0.1306 2.4% 1.64[1.27,2.11]
Yi, 2019 0.072 0195 1.9% 1.07 [0.73, 1.57]

Total (95% CI) 100.0%  1.05[0.96,1.15]
Heterogeneity: Tau® = 0.08; Chi* = 440.07, df = 51 (P < 0.00001); I* = 88%
Test for overall effect: Z = 0.99 (P = 0.32)

01 02 05 1 2 5 10
Low High

FIGURE 2 Risk of congenital anomalies in (A) older mothers and (B) young mothers compared with reference group

significant publication bias was observed with a P > 0.05 in all funnel
plots (P = 0.607 in older mothers, P = 0.084 in young mothers).

3.6 | Certainty assessment
The certainty of evidence was evaluated using the eight domains of
the primary outcome. According to the GRADE approach, the qual-

ity of the evidence for both cases was rated “very low” (Table 4).

4 | DISCUSSION

In this systematic review and meta-analysis of observational stud-
ies, we identified that very low quality evidence suggests that older
mothers had an increased unadjusted odds of having a child with
congenital anomalies. Edwards syndrome (trisomy 18) and Down
syndrome (trisomy 21) showed striking results. There was no in-
crease in unadjusted odds of children with congenital anomalies in
women in the <20 year group except for abdominal defects. As a
result of the subgroup analysis by organ system defects, very low
quality evidence suggests that young mothers had an increased un-
adjusted odds of having a child with abdominal wall defects.

Biological mechanisms, such as errors in sister chromatid segrega-
tion and reduction of chromosome cohesion have been suggested as
factors leading to chromosomal abnormalities in oocytes.82 It has been
suggested that telomere shortening and increased oxygen free radical
levels can also reduce the normal chromosomal differentiation of ovar-
jan cells.®? Specific congenital anomalies in oocytes, including non-
chromosomal defects, have been hypothesized to be associated with
increased opportunities for teratogen exposure, accumulation of envi-
ronmental materials, and increased medical comorbidities, such as ges-
tational diabetes.® It is thought that a significant positive association
with high congenital anomalies found in the fetuses of an older mother
might be explained by these factors. Since congenital anomalies, espe-
cially chromosomal defects, can cause serious disability by affecting
various organs and reducing fetal survival, efforts to prevent defects
are necessary for the health of individuals, families and countries.!

Our study showed that in young mothers, the odds of having
children with chromosomal anomalies decreased, whereas that of
non-chromosomal anomalies increased; however, the effect was very
small. In previous studies, the prevalence of chromosomal defects in
US and European populations clearly showed a tendency to increase
with maternal age.84’85 Several hypotheses have been suggested as the
cause of this phenomenon. First, the number of terminations is due to
the early detection of congenital anomalies, since adult mothers tend
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Number of
studies (n) (&)

Organ systems

Older mothers (compared with reference group)

Central nervous system defect 7 92
Oral cleft/lip defect 8 45
Heart defect 8 54
Digestive system defect 6 50
Abdominal wall defect 5 99
Diaphragmatic hernia 3 85
Limb and extremity defect 8 79
Urogenital defect 5 97
Young mothers (compared with reference group)

Central nervous system defect 7 86
Oral cleft/lip defect 6 0

Heart defect 6 83
Digestive system defect 5 65
Abdominal wall defect 6 98
Diaphragmatic hernia 3 0

Limb and extremity defect 4 76
Urogenital defect 4 88

Number of

Sensitivity analysis studies (n) ()

Older mothers (compared with reference group)

Primary analysis 62 99
Published in year 2000 or later 49 99
Low risk of bias 50 99
Cohort 14 99
Case-control 13 93
Cross-sectional 35 99

Young mothers (compared with reference group)

Primary analysis 52 88
Published in year 2000 or later 41 90
Low risk of bias 43 90
Cohort 11 95
Case-control 9 52
Cross-sectional 32 84

to receive adequate prenatal care.8-®8 According to Chen et al., only
70% of teenage mothers initiated prenatal care in the first trimester of
pregnancy.®’ In contrast, nearly 90% of adult mothers initiated prena-
tal care in the first trimester.%?

Secondly, in young mothers, early exposure to risk factors such as
tobacco, alcohol and illicit drugs may explain the etiology. In the USA
and the UK, the smoking rate in teenage pregnancies is much higher
than that in adult pregnancies.”’90 Wong et al. conducted a retrospec-
tive cohort study through the Canadian perinatal and neonatal data-
base, and reported that the rates of tobacco, alcohol, marijuana, opioids

Heterogeneity

Heterogeneity

TABLE 2 Subgroup analysis on the
difference in risk by organ system defects
according to age

Odds ratio
(95% ClI)

1.26 (1.03-1.55)
1.05(1.01-1.09)
1.15(1.06-1.24)
1.07 (0.90-1.28)
0.51(0.19-1.33)
1.13(0.84-1.52)
1.12(0.96-1.31)
1.46 (1.13-1.89)

1.12(0.92-1.37)
1.05 (1.01-1.10)
0.93(0.79-1.10)
1.17 (0.89-1.55)
2.15(1.26-3.69)
0.96 (0.87-1.06)
1.09 (0.88-1.36)
0.99 (0.81-1.20)

TABLE 3 Sensitivity analysis according
to publication year, risk of bias, and study
design

Odds ratio
(95% Cl)

1.64 (1.40-1.92)
1.48(1.25-1.75)
1.60(1.33-1.92)
1.39 (1.06-1.84)
1.20(1.00-1.44)
2.00(1.56-2.58)

1.05(0.96-1.15)
1.04 (0.95-1.15)
1.02(0.91-1.15)
1.28 (1.02-1.61)
1,08 (0.97-1.21)
0.94 (0.83-1.07)

and cocaine use among teenage mothers were significantly higher than
those among adult mothers.”! Thirdly, nutrient deficiencies, such as
folic acid intake problems, may be associated with certain birth defects
such as neural tube defects and gastrointestinal tract malformation.”>?*

We performed subgroup analyses by organ system defects
and obtained noteworthy results. For older mothers, the overall
odds of having a child with congenital anomaly with organ system
defects tended to increase. In contrast, there was no significant
difference in the odds for most congenital anomalies by organ

system defects in adolescent pregnancies, except for abdominal
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TABLE 4 GRADE approach for the primary outcome

Quality assessment

Grade

Additional domains

Required domains

Study

Outcome

Plausible confounding that would  Strength of association

Dose-response

Reporting

Precision

Directness of

Consistency

(magnitude of effect)

decrease observed effect

association

bias

evidence

limitations

DOOQO Very low

Weak®

Present?

Precise Undetected® Undetected

Direct

Inconsistent®

Low!

Older mothers

BSOOQO Very low

Weakf

Present?

Precise Undetected® Undetected

Direct

Inconsistent®

Low

Young mothers

Abbreviation: GRADE, Grading of Recommendations, Assessment, Development and Evaluations.

2All included studies are observational, and there are studies where risk of bias is rated as “poor.”

bConsiderable heterogeneity (12 > 75%).

“According to Egger's regression test.

dDrug use, obesity, alcohol consumption, smoking, folic acid supplementation, gestational diabetes and preeclampsia.

°OR

1.64.
1.05.

fOrR=

wall defects and oral cleft/lip defects. Although there are several
papers showing positive associations between oral cleft/lip de-
fects and older age of mothers, the comprehensive associations
may be inconclusive.”® In addition, little seems to be known about
the association between oral cleft/lip defects and young age of
mothers. Surprisingly, in the current study, only abdominal wall
defects showed an inverse association with maternal age, and the
odds was more than double in women of the young maternal age
group.

Our study has several limitations. It is difficult to identify clearly
a causal relation between congenital anomalies and maternal age be-
cause most of the included studies had a cross-sectional design. No
adjustment was made for several risk factors which could be consid-
ered potential confounders, such as specific drug use, obesity, alco-
hol consumption, smoking, folic acid supplementation, gestational
diabetes and preeclampsia. Different definitions of age criteria may
result in selection bias due to the exclusion of studies. The diagnos-
tic methods for congenital anomalies may have differed between
studies due to changes in diagnostic criteria and advances in tech-
nology. Some of the included studies had identical registries, which
may have resulted in selection bias in the study population. We re-
stricted the eligibility of the studies to those published in English
only. The search was performed using the Embase and MEDLINE
databases. We did not contact the study authors directly to clarify
any information.

Despite these limitations, our study had several strengths. Since
many studies utilized national registries, the source was reliable and
contained many samples. In addition, external validity of the study
would be high, since our research included studies from multiple
countries and ethnicities worldwide.

5 | CONCLUSION

We identified that very low quality evidence suggests that women in
the older maternal age group had increased unadjusted odds of hav-
ing children with congenital anomalies compared with those in the
20-34 year age group. There was no increase in unadjusted odds of
children with congenital anomalies in women of <20 year group ex-
cept for abdominal defects compared with those in the 20-34 year
age group. The results stem from very low quality evidence with no
adjustment of confounders.
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